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PREFACE 


The  purpose  of  this  report  Is  to  provide  safety  concepts  that 
can  be  used  In  facility  siting  and  structure  layouts  developed  In 
connections  with  the  USAMUCOM  modernization  Droqram  for  Installa¬ 
tions  and  activities.  This  Is  not  a  regulatory  document. 

Although  each  concept  Is  a  single  entity  within  Itself,  at  any 
time  It  may  be  modified  and/or  supplemented.  Therefore,  any  refer¬ 
ence  to  a  qlven  concept  shall  be  accompanied  with  a  date  Indicating 
the  latest  Issue. 

The  enclosed  safety  concepts  have  been  developed  by  Plcatlnny 
Arsenal  as  a  part  of  their  overall  engineering  proqram  entitled 
"Safety  Engineering  In  Support  of  Ammunition  Plants"  for  the  U.S. 
Amy  Munitions  Command,  with  assistance  from  Ammann  A  Whitney, 
Consulting  Engineers,  New  York. 
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IMTROHUC i ION 


Purpose 


The  purpose  of  this  report  Is  to  provide  approved  safety  con¬ 
cepts  for  use  In  facility  sltino  and  structure  layouts  developed 
In  connection  with  USAMUCOM  modernized  installations  and  activities. 

Scope 


These  safety  concepts  annlv  to  all  USAMUCOM  Installations  and 
activities  and  have  been  approved  by  both  the  U.S.  Army  Materiel 
Command  and  the  Department  of  Defense  Explosives  Safety  Board. 

Each  concent  Is  a  slnqle  entity  within  itself  but  mav,  at  anv 
time,  be  modified  and/or  supplemented.  Therefore,  anv  reference 
to  a  qlven  concept  shall  be  accompanied  with  a  date  Indicatlnq  the 
latest  revision. 

Objective 


To  establish  necessary  clarification  or  modification  of  and 
addition  to  AMCR  385-100  for  use  durinq  concent  formulations,  enql- 
neerlnq  development  and  final  desion  of  USAMUCOM  installations  and 
activities  Includinq  new  facilities,  renovation,  rework,  demilitari¬ 
zation  and  disposal. 

Background 


U.S.  Army  Munition  Command  (USAMUCOM)  is  presently  participating 
In  an  Army-wide  modernization  oronram  of  explosive  manufact.urino 
facilities  under  its  command.  This  program  Is  primarily  directed 
towards  a  more  efficient  and  safer  production  of  explosive  munitions. 

Reoardinq  the  safety  aspects,  submission  of  safety  criteria  bv 
several  USAMUCOM  facilities  has  shown  a  wide  variation  In  modernized 
safety  concents  when  applied  to  a  similar  tvne  of  explosive  facili¬ 
ties.  Therefore,  at  the  request  of  USAMUCOM,  Picatinnv  Arsenal, 
with  the  assistance  of  Arrmann  &  Whitney,  has  undertaken  a  study  to 
develop  "approved  safety  concepts"  to  achieve  uniformity  of  safety 
criteria  application. 

Althouqh  the  concents  as  presented  are  not  of  a  regulatory  na¬ 
ture,  their  application  will  facilitate  safety  reviews  and  approvals, 
and  In  some  cases,  are  to  be  considered  by  cognizant  safety  personnel 
as  modifications  and/or  supplements  to  the  safetv  requirements  of 
AMCR  385-100. 
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REVISION  NO.  1 

(December  1972) 


ITEM  -  5 


a.  Page  5-2;  Add  the  following  sentence  to  Paragranh  1: 

"Separation  of  the  Inspection  Building  from  the  Unpacking 
Building  shall  conform  to  Intrallne  distance  based  upon  the 
larqer  of  the  two  quantities  of  explosive  In  the  two  bulldlnqs." 

b.  Page  5-2;  Replace  Paragraph  2  with  the  following: 

"Personnel  may  be  permitted  to  enter  any  given  area  within 
either  the  Receiving  or  the  Unpacking  Building  at  any  given 
time.  If  the  tote  bins  are  used  for  packaging  of  bulk  ex¬ 
plosives,  personnel  may  be  permitted  to  enter  the  Inspection 
Bays  In  the  Inspection  Building  to  replace  empty  bins  with 
full  bins.  All  other  operations  In  the  Inspection  Bays  must 
be  performed  remotely.  Cardboard  boxes  used  for  shipping 
bulk  explosives  may  be  opened  In  the  Receiving  Bulldlnq; 
however,  movement  of  the  boxes  Inside  the  Inspection  Bays, 
the  opening  of  the  plastic  liners  of  the  cardboard  boxes, 
and  dumping  of  the  explosives  Into  the  Inspection  equipment 
shall  be  performed  remotely.  The  plastic  liners  may  be  opened 
manually  In  the  Unpacking  Building  or  In  the  Inspection 
Bulldlnq  In  separate  bays  set  aside  specifically  for  that 
purpose.  Movement  of  the  boxes  Inside  the  InsDection  Bays  and 
subsequent  operations  shall  be  accomplished  remotely.  If  de¬ 
sired,  the  bulk  explosive  may  be  placed  In  tote  bins  within 
the  Unpacking  Bulldlnq  for  movement  to  the  Inspection  Building 
and  thereby  permitting  the  personnel  conveylnq  the  tote  bins 
to  enter  the  Inspection  Bays." 


c.  Plate  No.  1.11;  Replace  Plate  No.  1.11  dated  October  16,  1972 
by  Plate  No.  1.11  First  Revision  dated  December  1972. 

d.  Plate  No.  5.1;  Replace  Plate  No.  5.1  dated  October  16,  1972 
by  Plate  No.  5.1  First  Revision  dated  December  1972. 


e. 


Plate  No.  5.3;  Replace  Plate  No.  5.3  dated  October  16,  1972 
by  Plate  No.  5.3  First  Revision  dated  December  1972. 
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1 .  f^an«;  of  Barricading  -  Mow  Construction  or  Major  ’Modification 


In  order  that,  two  ad.inininn  buildings  he  separated  hy  harri- 
caded  intraline  distance,  the  huildinns  must  he  provided  with  an 
effective  barricade  or  a  conbination  of  effective  barricades. 
Three  neans  are  available  for  nrovidinn  barricadinq:  namely,  (1) 
effective  dividinn  walls,  (2)  effective  earth  barricades,  and  (3) 
structure  burial. 

2.  Effective  Dividinn  Walls 


a.  Tyne  of  Dividinn  Walls 

For  dividinn  walls  tn  be  effective,  thev  shall  he  constructed  bv 
utilizino  reinforced  concrete  and/or  structural  steel.  Each  wall 
shall  be  desinned  to  resist,  with  response  linited  to  incipient 
failure  deflection  (T'15-1300),  the  blast  effects  of  a  detonation 
within  the  buildinn  it  is  nrotectinn  as  well  as  the  blast  and  fran- 
ments  (both  nrinarv  and  secondary  fraonents)  produced  bv  an  exnlo- 
sion  in  the  adioininn  buildinn. 

b .  Positioning  of  Dividinn  Walls 

For  a  dividinn  wall  or  a  combination  of  dividinn  walls  to  be 
considered  effective,  one  of  the  following  wall  arrangements  shall 
be  utilized: 

(1) .  Dividing  Wall  Arrangement  Wo.  1  (Plate  No.  1.1) 

Two  buildings  containing  approximately  the  same  explosive  quan¬ 
tity  shall  be  separated  bv  barricaded  intraline  distances  based 
upon  thp  larner  of  the  two  explosive  quantities.  The  wall  of  each 
buildinn  facing  the  adioininn  buildinn  shall  be  desinned  as  an  ef¬ 
fective  dividing  wall.  The  height  of  each  wall  shall  be  at  least 
3  feet  above  the  heinht  of  its  resnnctive  buildinn  or  as  defined 
by  Line  of  Sight  Mo.  2  illustrated  in  Plate  No.  1.1. 

( 2 )  .  Dividinn  Wall  Arrangement  No.  2  (Plate  No.  1.2) 

When  the  explosive  quantity  in  one  buildinn  (Building  "A"1  is 
substantially  larger  than  the  explosive  quantity  in  an  adioininn 
buildinn  (Building  "B"),  then  the  two  buildings  shall  he  separated 
bv  a  barricaded  intraline  distance  based  unon  the  larner  of  the  two 
explosive  quantities.  The  wall  of  Building  "R"  facing  Building  "A" 
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shall  be  desioned  as  an  effective  dividinn  v/al  1  while  the  wall  of 
Buildinn  "A"  facinn  Buildinn  "B"  mav  be  desinned  for  conventional 
loadinns  (non-blast  resistant).  The  heinht  of  the  dividinn  wall 
shall  be  similar  tn  that  defined  for  Arrannenent  Mo.  1  and  as 
illustrated  in  Plate  Mo.  1.2.  For  this  arrannenent  to  be  annli- 
cable,  the  unbarricaded  intraline  distance  based  unnn  the  smaller 
exnlosive  ouantitv  must  be  eoual  to  or  less  than  the  barricaded 
distance  mentioned  above. 

Attention  is  directed  to  the  notes  of  Plate  Mo.  1.2  for  annli- 
cabilitv  of  this  dividinn  wall  arrannenent. 

(3)  .  Oividinn  Wall  Arrannenent  Mo.  3  (Plate  Mo.  1.3) 

A  buildinn  containinn  exnloslves  (Ruildinn  "A")  shall  be  sepa¬ 
rated  from  a  buildinn  containinn  inert  materials  (Ruildinn  "R")  hv 
a  barricaded  intraline  distance  when  the  wall  of  the  inert  material 
buildinn  facinn  the  huildinn  with  explosives  is  desinned  as  an 
effective  dividinn  wall. 

The  v/al  1  of  the  buildinn  containinn  exnlosives  which  faces  the 
inert  material  buildinn  mav  be  desinned  for  conventional  loadinas 
(non-blast  resistant).  The  heinht  of  the  dividinq  wall  shall  be 
similar  to  that  described  for  Arranoements  Mos.  1  and  2  and  as 
illustrated  in  Plate  No.  1.3. 

(4)  .  Multi -Bay  Fffects  (Plates  Mos.  1.4  and  1.5) 

In  the  event  that  either  (nr  both)  of  the  two  ad.ioinino  buildinns 
are  subdivided  into  nulti -exnlosive  bays  to  nrevent  nrnnaoation  of 
explosion  wi.thin  the  huildinn(s),  the  separation  between  the  two 
buildinos  shall  be  based  unnn  the  ouantitv  of  exnlosive  corresnondinn 
to  the  larnest  nuanti tv-separation  distance.  Fnr  example,  the  5, OMR 
nounds  of  explosive  located  in  Bav  2  (Plate  No.  1.4)  will  require 
a  barricaded  intraline  senaration  nf  150  feet  which,  in  combination 
with  the  width  of  Bav  3  (20  feet),  will  result  in  a  buildinn  spna- 
ration  of  130  feet.  This  distance  is  larner  than  the  intraline 
distance  required  of  the  ouantity  of  explosive  required  in  Bav  1, 

Bav  3  or  Buildinn  "B".  A  second  examnle  of  multi -bav  buildinn 
quanti tv-distance  requirements  is  illustrated  in  Plate  Mo.  1.5. 

Here,  the  inert  material  buildinn  (Buildinn  "R")  is  separated  from 
the  multi-bav  buildinn  (Buildinn  "A")  hv  a  barricaded  intraline 
distance  based  unon  the  quantity  of  exnlosive  in  Bav  1  which,  in 
combination  with  the  width  of  Bay  2,  will  result  in  a  separation 
between  buildinns  of  lT'i  feet.  It  nay  be  noted  that,  in  the  latter 
examnle,  the  blast  pressures  actinn  on  the  oround  immediately  in 
front  of  the  inert  buildinn  nrnduced  bv  an  explosion  in  Bavs  1  and  2 
will  be  12.5  and  10.5  nsi ,  resnectivel v,  both  of  which  are  larne 
enouqh  to  Produce  sinnificant  damaqo  to  the  structure's  roof  and 
side  walls . 
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3.  Effective  Earth  Barricades 


a.  Tvne  of  Earth  Barricades  (Plate  No.  1.6) 

All  new  construction  of  earth  barricades  shall  utilize  the 
sinnle  revptted  concent.  Existing  double  revot.ted  and  earth-mound 
barricades  shall  be  replaced  durino  new  construction,  maior  modi¬ 
fications,  or  as  thev  need  replacement.  Earth-mound  barricades  may 
be  altered  to  form  sinnle  revetted  barricades,  if  desired.  A  pos¬ 
sible  means  for  accomnl ishinn  this  alteration  is  illustrated  in 
Plate  Mo.  1 .f . 

b.  Positioning  of  Barricades 


Each  new  and  modified  barricade  shall  be  separated  from  the 
building  it  is  protecting  (receiver  structure)  bv  a  distance  equal 
to  or  less  than  one  guarter  the  building  height. 

For  a  barricade  or  a  combination  of  barricades  to  be  considered 
effective,  one  of  the  following  barricade  arrangements  shall  be 
uti 1 i zed : 

(1 )  .  Barricade  Arrangement  Mo.  1  (Plate  Mo.  1.7) 

Two  buildings  containing  annroxinatelv  the  same  quantity  of 
exnlosives  shall  be  senarated  bv  a  barricaded  intraline  distance 
based  unon  the  lamer  nuantitv  when  the  wall  of  each  buildinn  which 
faces  the  adioininn  buildinn  is  nrotected  bv  a  barricade.  Each 
barricade  shall  extend  above  the  buildinn  it  is  protecting  by  at 
least  3  feet  or  as  defined  by  Line  of  Sight  Mo.  2  illustrated  in 
Plate  Mo.  1.7.  Also,  the  length  of  each  barricade  shall  be  lonn 
enough  to  extend  3  feet  hevond  the  two  lines  connecting  the  common 
sides  of'the  two  buildings  (Plate  No. .1.7). 

(2)  .  Barricade  Arrangement  No.  2  (Plate  Mo.  1  ,B) 

'•/hen  the  nuantitv  of  explosive  in  one  buildinn  (Building  "A") 
is  substantially  lamer  than  the  exnlosive  nuantitv  in  an  adioininn 
building  (Building  ”B"),  the  two  buildings  shall  be  separated  by  a 
barricaded  interline  distance  based  unon  the  lamer  nuantitv  of 
explosive  if  a  barricade  is  positioned  at  the  buildinn  having  the 
smaller  amount  of  exnlosive  (Buildinn  "B").  The  height  and  length 
of  the  barricade  are  similar  to  those  described  from  Arrangement. 

Mo.  1  or  as  illustrated  in  Plate  Mo.  l.B.  For  this  arrangement  to 
be  applicable,  the  unbarricaded  intralinc  distance  based  upon  the 
smaller  exnlosive  quantity  must  be  equal  to  or  less  than  the  barri¬ 
caded  distance  mentioned  above. 
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(3) .  Barricade  Arrangement  No.  3  (Plato  No.  1.0) 


A  buildinn  cnntainim  explosives  (Building  "A")  shall  be  seoa- 
rated  fron  a  building  containinn  inert  naterial  (Buildinq  "B")  bv 
a  barricaded  intraline  distance  when  a  barricade  is  positioned  at 
the  buildinn  containinn  the  inert  naterial.  A  barricade  is  not 
required  at  the  exnlosive  buildinn.  The  heinht  and  lennth  of  the 
barricade  are  sinilar  to  those  described  for  Arrannenents  Nos.  1 
and  2. 

4.  T-Barricades  (Plate  No.  1.10) 


a.  Use  of  T-Barricades 

T-Barricades  shall  only  be  used  in  the  bulk  receivinn  and/or 
shinoinq  portions  of  a  facility  for  separation  of  explosive  quanti¬ 
ties  not  to  exceed  50,^00  pounds.  The  separation  distance  between 
the  explosives  at  onnosite  sides  of  the  barricade  shall  be  eoual  to 
1.1  times  the  cube  root  of  the  larqer  of  the  two  exnlosive  quanti¬ 
ties. 

b.  Barricade  Configuration 

The  base  of  a  T-Rarricade  shall  be  at  least  19  feet  wide.  Each 
side  of  the  barricade  shall  have  a  slope  of  5  on  2  for  a  barricade 
heiqht  up  to  20  feet.  For  barricades  hinher  than  20  feet,  the 
width  at  the  ton  of  the  barricade  shall  be  equal  to  3  feet.  The 
ton  of  the  barricade  shall  extend  at  least  6  feet  above  the  ton  of 
the  highest  stack  of  exnlosive  and/or  shall  meQt  the  requirements 
for  the  line  of  sioht  illustrated  in  Plate  1.10. 

5.  Fully  and  Partially  Below-Orade  Structures 

a.  Effective  Barricading  (Plate  No.  1.11) 

Buildings  positioned  fullv  or  partially  below  qrade  nav  be 
separated  fron  adjoinino  below  and/or  ahove-qround  buildings  bv 
barricaded  intraline  distances  when  all  of  the  exnlosive  within  the 
below  grade  structure  is  located  (1)  below  the  ground  surface,  (2) 
below  the  top  of  the  mound  of  a  parti v  buried,  nartlv  earth-mounded 
structure,  or  (3)  when  the  above-ground  portion  of  the  exnlosive  in 
a  partly  above  and  nartlv  below  ground  building  is  protected  bv 
TM5-1300  walls.  For  a  fully  or  partially  below  grade  structure  to 
be  fullv  effective  as  a  barricade,  the  exnlosive  must  be  positioned 
below  the  ton  of  the  building  based  upon  the  line  of  sioht  formed 
between  the  tons  of  the  below  grade  structure  and  the  adioining 
above-ground  structure.  This  line  of  sight  is  illustrated  in  Plate 
No.  1.11. 
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Use  of  fully  or  nartiallv  below-orado  structures  is  annrov^ 
for  those  situations  where  neither  neonle  nor  exnensive  (long  lead) 
equipment  is  located  in  the  unnrotected  above-qround  nortion  of  the 
structure. 

b.  Below  Crade  Structure  Arrangements  (Plate  Mo.  1.1?) 

(1 )  .  Structure  Arrangement  No.  1 

Arrangement  Mo.  1  mav  be  utilized  when  all  exnlosives  within 
the  building  are  oositioned  below  the  orado.  In  most  situations 
this  arrangement  is  used  when  the  above-ground  nortion  of  the  struc¬ 
ture  is  exnendable  and  therefore  is  nermitted  to  collanse  as  a  re¬ 
sult  of  an  exolosion  within  the  structure  or  in  the  adioininq 
structures.  Personnel  and/or  valuable  equinment  mav  not  be  posi¬ 
tioned  in  the  exnendable  nortion  of  the  structure.  In  some  cases, 
however,  it  nav  be  desirable  to  desiqn  the  above-nround  nortion  of 
the  structure  to  resist  the  effects  of  a  detonation  in  an  adioinino 
building.  In  this  latter  case,  the  above-qround  nortion  in  addi¬ 
tion  to  being  designed  to  resist  external  loads,  shall  also  be 
canable  of  releasing  the  blast  loads  produced  by  an  explosion  within 
the  building.  An  illustration  of  this  below-grade  structure  ar¬ 
rangement  is  shown  on  Plate  flo.  1.12. 

An  alternative  structure  arranqement  to  Below-Orade  Structure 
Arrangement  Mo.  1  is  also  shown  in  Plate  1.12.  Here,  rather  than 
being  situated  abovp  ground,  the  frangible  roof  is  positioned  flush 
with  the  ground. 

At  the  present  time,  only  a  minimal  amount  of  data  relating  to 
the  blast-resistant  canacitv  of  buried  buildings  is  available. 
However,  tests  arp  nresentlv  being  developed  wherehv  the  necessarv 
design  data  will  bo  obtained.  In  the  interim,  it  is  recommended 
that  the  walls  of  Below-Orade  Structure  Arrangement  Mo.  1  be  de¬ 
signed  to  resist  the  conventional  earth  and  surcharge  (live  and 
dead)  loads.  Therefore,  reinforced  concrete  walls  will  not  require 
the  use  of  laced  reinforcement. 

(2)  .  Structure  Arrangement  Mo.  2 

Below-Crade  Structure  Arranqement  No.  2  mav  be  utilized  when  a 
nortion  of  the  explosive  within  a  building  is  located  above  the 
ground  and  the  remainder  below  the  ground.  In  this  arrangement, 
the  above-qround  part  of  th°  building  is  protected  by  an  earth  bar¬ 
ricade.  For  this  arrangement,  it  is  recommended  that  laced  rein¬ 
forcement  be  used  in  concrete  walls  which  extend  above  the  ground 
surface  more  than  10  feet.  The  lacing  shall  extend  below  the  ground 
to  a  sufficient  depth  in  order  to  insure  full  development  of  the 
flexural  reinforcement.  Concrete  walls  whose  height,  above  the 
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qround  is  less  than  in  feet  mav  be  desinned  similarly  to  the  walls 
of  the  below-nround  portion  of  the  buildinn  as  indicated  for 
Arranqenent  No.  1. 

(3).  Structure  Arrannement  No.  3  (Plate  No.  1.1?) 

Below-Grade  Structure  Arrannement  No.  3  is  similar  to  Arranne¬ 
ment  No.  2  excent  that  the  explosive  positioned  above  the  qround 
is  protected  bv  laced  reinforced  concrete  walls  rather  than  bv 
earth  barricades.  The  abnve-oround  nort.ion  of  the  walls  shall  be 
constructed  of  laced  reinforced  concrete. 


ITEM  -  2 


EXPLOSIVE  COLLECTION  FACILITIES  FOR  USE  IN  MR!  CHMSTPUfTinn 


1 .  Collector  Facilities 

Explosive  collection  facilities  include  vacuum  collectors  (wet, 
dry,  portable  or  stationary),  vacuum  collector  buildinos,  and  pol¬ 
lution  abatement  nrocessino  facilities. 

2.  Vacuum  Collectors  in  Oneratinn  Buildinos  (Plate  No.  2.1) 

The  Portable  wet  and  drv  collectors  shall  be  located  within  the 
oneratinn  buildinn  in  accordance  with  the  requirements  of  Section 
27-7c  of  AMCP.  335-100.  However,  a  maximum  accumulation  of  the  ex¬ 
plosive  within  anv  one  collector  or  series  of  collectors  in  anyone 
bay  shall  not  exceed  5  pounds  of  H.E. 

A  collector  shall  service  only  one  operatinq  bav.  When  the  col¬ 
lector  is  positioned  in  a  separate  bav,  the  collector  bav  should  be 
located  as  close  as  possible  to  the  ooeratinq  bay  which  it  serves. 
The  collector  bav  shall  consist  of  protective  walls  enclosinq  the 
collector  on  three  sides.  The  walls  shall  extend  two  feet  past  the 
exterior  surface  (walls  and  roof)  of  the  oneratinn  buildinn.  If  a 
blast  resistant  roof  is  provided,  then  the  walls  of  the  collector 
bav  need  not  extend  above  the  buildinq  roof.  The  walls  and  roof  of 
a  collector  bav  shall  be  desiqned  for  a  resnonse  limited  to  the 
incipient  failure  de-flection.  A  bav  which  houses  a  collector  shall 
not  be  used  for  other  operations  or  as  a  communication  corridor  or 
passaqewav.  Lines  carrying  explosive  v/aste  from  an  onpratinn  bav 
to  a  collector  bav  shall  be  provided  with  detonation  trans  or 
other  positive  means  to  prevent  a  oronaqation  of  explosion  between 
the  bavs.  A  wet  portable  collector  which  is  positioned  in  an  ooer¬ 
atinq  bav  mav  service  that  bav  only  and,  therefore,  requires  no 
special  shieldinn. 

3.  Vacuum  Collectors  Exterior  of  Operating  Buildinq 

a.  Explosive  Ouantitv  Mi  stance  Dequiremonts  (Plates  Mos.  2.  ? 

and  2TT) 

Each  wet  or  drv  collector  containing  more  than  5  nounds  of  II. E. 
shall  be  positioned  in  a  separate  buildinq  which  shall  be  separated 
from  the  operating  building  it  is  serving  bv  a  distance  conforming 
to  the  barricaded  intraline  distance  based  unon  the  quantity  of  ex¬ 
plosive  in  the  collector  buildinn.  Separation  between  the  collector 
buildinq  and  an  adjoining  operating  building,  not  serviced  by  the 
collector  buildinq,  shall  conform  to  intraline  distance  based  unon 
the  quantity  of  explosive  in  the  operating  building  (Plate  Mo.  2.2). 
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If  two  or  more  collector  buildinqs  adjoin  one  another,  their 
separation  shall  conform  to  intraline  distance  based  upon  the 
largest  quantity  of  explosive  in  the  collector  buildings.  However, 
the  separation  between  any  one  of  the  collector  buildings  and  the 
operating  buildings  it  is  not  serving,  shall  conform  to  intraline 
distances  based  on  the  exolosive  quantities  in  the  operatinq  build¬ 
ings  (Plate  No.  2.3). 

b.  Collector  Building  (Plate  No.  2.4) 

A  vacuum  collector  building  shall  service  only  one  operating 
building.  Where  possible  each  room  or  bay  of  the  operating  build¬ 
ing  shall  be  serviced  by  a  separate  collector  in  the  collector 
buildinq.  However,  a  single  collector  in  a  collector  building  may 
be  used  to  service  no  more  than  two  operating  bays  when  separate 
exhaust  lines  are  provided  for  each  operating  bay.  If  desired, 
the  two  exhaust  lines  may  be  serviced  by  a  common  header  leading  to 
the  vacuum  collector  building.  No  more  than  two  primary  collectors 
located  either  in  the  operating  or  collector  buildings  shall  be 
serviced  by  a  secondary  collector  (wet  or  dry)  located  in  the  col¬ 
lector  bui lding. 

Each  collector  (primary  or  secondary)  shall  be  separated  from 
the  adjoining  collectors  and  the  building  it  is  serving  by  dividing 
walls.  The  walls  shall  be  designed  to  resist  the  effects  of  an 
explosion  in  the  collector  building  with  a  response  limited  to  in¬ 
cipient  failure  deflections. 

Vacuum  lines  between  the  operating  and  the  collector  buildings 
shall  be  provided  with  detonation  traps  or  other  positive  means  for 
preventing  a  propagation  of  exDlosion  between  the  buildings. 

4.  Pollution  Abatement  Processing  Facilities  (Plate  No.  2.4) 

A  centrally  located  Pollution  Abatement  Processing  Facility  may 
be  used  to  serve  more  than  one  vacuum  collector  building  and  more 
than  one  operating  building  at  the  same  time.  However,  an  abate¬ 
ment  facility  shall  be  separated  from  all  operation  and  collector 
buildings  by  intraline  distances.  All  lines  serving  the  facility 
that  carry  explosive  waste  shall  be  provided  with  detonation  traps 
or  other  positive  means  to  prevent  a  propagation  of  explosion  be¬ 
tween  the  buildings  and/or  operations. 
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ITEM  -  3 


TRANSFER  OF  EXPLOSIVES  THROUGH  BUILDINGS 


1 .  General 


The  methods  used  for  transferring  explosives  through  operating 
buildings  will  be  dependent  upon  several  factors  includinn  (1)  the 
building  subdivision,  (2)  operational  hazards  and  (3)  the  methods 
used  for  convevlno  the  explosives. 

The  subdivision  of  a  building  will  be  a  function  of  operational 
considerations  as  well  as  explosive  guantltv/seoaratlon  distance 
requirements.  On  the  other  hand,  operational  hazards  which  are 
specified  in  USAMUCOM  Regulation  385-22,  must  be  established  from  a 
hazard  analysis  of  the  specific  facility  operation.  The  third  fac¬ 
tor  affecting  the  transfer  of  explosives  through  the  buildings  will 
be  a  function  of  the  first  two  factors  and,  as  will  he  shown  later, 
is  Interrelated  to  the  selection  of  method  used  for  inter-bay 
transfer  of  explosives. 

2.  Subdivision  of  Buildings 


The  subdivision  of  buildings  for  operational  and/or  ouantltv- 
distance  reguirements  may  be  achieved  with  the  use  of  blast  resist¬ 
ant  barriers  (dividing  walls)  as  specified  by  AMCR  385-100. 

All  dividing  walls  shall  be  designed  In  accordance  with  TM5-1300 
with  the  structure's  response  based  on  the  Protection  category  (Tf,5- 
1300)  reguirements  specified  In  the  design  criteria  for  the  opera¬ 
tions  of  the  receiver  bays.  In  addition,  each  dividing  wall  shall 
be  designed  to  prevent  overturning  due  to  blast  effects  of  an  ex¬ 
plosion.  In  most  cases,  this  will  regulre  a  structural  monolithic 
Interaction  between  a  wall  and  the  adjoining  floor  and  roof  (if 
blast  resistant)  slabs  of  the  building. 

The  explosive  limit  for  each  bay  will  be  based  on  the  total 
Quantity  of  explosives  In  all  Items  not  properly  snaced  or  barri¬ 
caded  to  prevent  propagation  from  Item  to  item,  regardless  of  the 
hazard  category  involved. 

3.  Hazard  Considerations  (Plate  3.1) 

Depending  upon  the  hazard  of  the  operation  In  a  given  operating 
bay,  certain  safety  provisions  must  be  adhered  to  for  transferring 
the  explosive  Items  through  an  operating  building.  These  provisions 
are  as  follows: 
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a.  Hazard  Category  I 


No  sneclal  provisions  for  safe  snaclnq  and/or  shleldlnq  of  Items 
are  required  for  operatinn  bavs  contalnlnq  only  Hazard  Cateoorv  I 
operations  provided  each  bay  Is  separated  from  the  adiolnlnq  bavs 
by  protective  barriers  (TM5-13H0).  Blast  resistant  barriers  between 
adjolnlna  bays  shall  be  desiqned  to  prevent  a  direct  line  of  siqht 
between  the  adjoining  ooeratlno  areas.  The  line  of  siqht  concept 
will  be  discussed  later. 

Safety  provisions  for  Category  I  hazards  are  illustrated  In 
Plate  No.  3.1. 

b .  Hazard  Category  II 

In  addition  to  requlrinq  that  blast  resistant  barriers  be  fur¬ 
nished  to  prevent  a  direct  line  of  siqht  between  adjoining  bays, 
the  operating  bays  containing  the  Hazard  Category  II  operations 
will  require  that  Individual  Items  or  cluster  of  items  be  separated 
by  safe  snaclnq  and/or  be  provided  with  shielding  to  negate  explo¬ 
sion  propagation  between  adjacent  items. 

Some  data  are  available  In  Table  17.1  of  AMCR  385-100  and  from 
the  results  of  recent  tests  conducted  under  the  direction  of  Pica- 
tinny  Arsenal  regarding  safe  separation  of  ammunition  on  convevors. 
However,  in  most  cases,  tests  will  be  required  to  demonstrate  the 
effectiveness  of  the  Item  separations  and/or  shleldlnq  to  be  used 
for  a  qlven  facility  desiqn. 

Safety  provisions  for  Cateoorv  II  hazards  are  shown  In  Plate 
No.  3.1.  ■ 


c.  Hazard  Category  III  (Plates  Nos.  3.1  and  3.2) 

Items  nasslnq  through  arpas  containing  Hazard  Category  III  oner- 
tlons  shall  be  provided  with  special  shielding  to  provide  a  full 
protection  for  personnel  and  equipment  exterior  of  the  shield.  The 
protective  shield  may  be  located  in  a  separate  operating  bay  or  in 
a  bay  containing  other  operations. 

A  Hazard  Category  III  operating  shield  may  be  constructed  either 
of  reinforced  concrete  and/or  structural  steel.  The  shield  must  be 
desiqned  such  that  all  fragments  produced  by  the  hreak-un  of  an  Item 
caslnq  and/or  equipment  are  fully  contained.  Blast  pressures  pro¬ 
duced  by  the  Internal  explosion  shall  be  vented  to  the  atmosphere 
through  a  venting  stack  no  larqer  than  15  Inches  In  diameter  and 
extend  at  least  15  feet  above  the  hlqhest  point  on  the  operating 
building  roof  or  15  feet  beyond  the  exterior  walls.  The  exterior 
surface  of  the  operating  building  shall  be  desiqned  to  resist  the 
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leakaqe  overnressures  from  the  venting  stack  of  at  least  1.2  osi 
(strengthened  franqible  construction). 

Access  within  the  shield  of  explosives,  personnel  and  equipment 
shall  be  throunh  a  series  of  blast  doors  which  shall  be  closed  and 
sealed  against  rebound  durinq  the  nerformance  of  the  hazardous 
oneration.  All  operations  performed  within  the  shield  shall  be 
accomplished  remotely. 

The  above  shield  is  adequate  for  exnlosive  quantities  un  to  15 
pounds.  Therefore,  the  nerformance  of  Hazard  Catenory  III  opera¬ 
tion  v/ith  explosive  quantities  greater  than  15  pounds  shall  be  ac¬ 
complished  in  a  separate  operatinq  buildinq.  Hazard  Category  III 
operations  in  a  shield  or  in  a  separate  building  shall  be  performed 
remotely. 

A  schematic  representation  of  a  Hazard  Category  III  operatinq 
shield  is  illustrated  in  Plate  No.  3.2. 

4.  Inter-Bav  Item  Transfer 


When  an  operating  buildinq  is  subdivided  by  dividinq  walls  for 
quantity-distance  and/or  operational  purposes,  the  movement  of  items 
from  one  operating  bay  to  another  will  require  the  transfer  of  the 
Items  over,  around  and/or  through  the  protective  barriers.  To  be 
assured  that  propagation  of  explosion  between  adioininq  operating 
bays  will  be  negated,  all  openinqs  in  the  dividinq  wall  shall  be 
arranged  such  that  a  direct  line  of  sight  throuqh  the  openinqs  will 
be  interrupted.  Also,  in  the  case  of  transferring  items  around 
and/or  over  the  walls,  sufficient  safe  snacinq  and/or  shielding 
shall  be  provided  to  insure  that  in  the  event  of  mass  detonation  in 
one  bay,  propagation  of  explosion  does  not  occur  in  the  ad.ioining 
receiver  bays.  In  most  facility  desiqns,  any  one  operating  bay 
must  be  considered  both  as  a  donor  and  a  receiver  bay. 

a.  Item  Transfer  Throuqh  Dividing  Walls 


Methods  are  available  for  accomplishing  the  interruption  of  a 
direct  line  of  siqht  throuqh  the  oneninqs  in  the  walls  and  still  be 
canable  of  transferring  explosive  items  from  one  operatinq  bay  to 
another  with  the  use  of  conventional  material  handlinq  equinment. 
Several  of  these  methods  are  described  below. 

(1 ).  Maze  Concept  (Plates  Nos.  3.3  and  3.4) 

The  passage  of  items  through  the  maze  is  so  controlled  that 
items  at  one  side  of  the  wall  will  always  be  shielded  from  items  at 
the  opposite  side.  This  control  may  be  illustrated  with  the  use  of 
Plate  No.  3.3  and  as  described  below. 
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Stage  No.  1  indicates  a  typical  operation  where  Lot  No.  1  has 
passed  through  th*  maze  into  Ray  2,  Lot  Mo.  2  is  positioned  in  the 
safe  zone  of  the  maze,  and  Lot  No.  3  is  annroachinn  the  hold  station 
in  Bay  1  before  enterlno  the  maze.  It  may  be  noted  that  all  three 
lots  of  items  are  protected  from  one  another  in  the  event  an  ex¬ 
plosion  occurs  In  any  one  of  the  three  lots. 

Staoe  No.  2  illustrates  the  situation  where  Lot  No.  1  has  passed 
further  into  Rav  2  and  with  Lot  No.  2  just  enterinq  Rav  2  while  Lot 
No.  3  is  still  at  the  hold  station  (Point  "A")  of  Bay  1.  At  this 
staqe.  Lot  No.  2  is  considered  to  be  a  part  of  the  explosive  quan¬ 
tity  in  Rav  2  and  If  an  explosion  occurred  in  Bay  2,  this  lot  could 
detonate  without  nronaoatino  to  Lot  No.  3. 

Stage  No.  3  Illustrates  Lot  No.  2  has  completely  passed  into 
Bay  2  and  thereby  permits  Lot  No.  3  to  move  towards  the  safe  zone 
of  the  maze.  At  no  time  durinq  this  staqe  of  movement  can  Lot  No.  3 
propagate  to  Lot  No.  2.  Althouoh  not  shown  in  this  illustration, 
once  Lot  No.  3  reaches  the  safe  zone  within  the  maze,  a  new  lot  of 
items  can  be  accumulated  at  the  hold  station  (Point  "A")  in  Bay  1. 

Construction  of  a  maze  shall  be  the  same  as  that  of  the  divid¬ 
ing  walls.  All  elements  of  a  maze  shall  be  designed  to  sustain 
damage  equal  to  or  less  than  that  of  the  dividing  wall.  Sufficient 
clearance  within  the  maze  shall  be  provided  to  insure  that  the  sep¬ 
aration  distance  between  the  item  and  the  elements  of  the  maze  meet 
the  requirements  of  Paragraph  4-9  (TM5-1300).  Furthermore,  suffi¬ 
cient  clearance  shall  be  provided  for  maintenance  purposes.  A  maze 
may  be  provided  with  or  without  a  roof.  For  the  latter,  the  walls 
of  the  maze  shall  be  hiqh  enough  so  that  a  line  drawn  from  the  too 
edge  of  the  item  to  the  too  edoe  of  the  wall  will  form  a  30-deqree 
angle  or  less  with  the  vertical. 

Configuration  requirements  for  mazes  are  illustrated  in  Plate 
No.  3.4. 

In  general  ,  the  speed  of  the  conveyor  transferring  the  items 
throuqh  a  maze  will  be  equal  to  the  maximum  conveyor  speed  in  other 
narts  of  a  facility.  Therefore,  for  facilities  with  high  production 
rates,  conveyor  sneeds  may  be  as  high  as  50  or  60  fos  which,  in  turn, 
may  require  the  use  of  larqe  mazes  to  achieve  the  necessary  turn 
radius  of  the  conveyors. 

Plate  3.1  illustrates  the  transfer  of  explosive  items  throuqh 
mazes.  Here,  the  oath  of  the  conveyor  movement  is  along  the  center 
of  the  operating  bays  and,  therefore,  through  the  middle  of  the 
dividing  walls.  It  may  be  noted  that  a  maze  is  provided  for  passage 
of  items  between  Bays  1  and  2  even  thouqh  the  operations  performed 
in  each  bay  are  considered  to  be  in  Hazard  Cateqory  I  (exclusive  of 
operation  in  the  shield). 
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(2) .  Turntable  Concent  (P,atp  Ho.  3.5) 


The  turntable  concent  is  an  extension  of  a  method  used  in  the 
nast  for  transfprrinn  items  from  one  hazardous  area  to  another. 

In  this  method,  exnlosive  it°ms  oass  thronnh  a  revolvinn  mechanism. 
The  mechanism  is  divided  into  comnartments  such  that  a  shield  will 
separate  ad.ioininn  items  as  thev  nass  throuoh  the  wall  oneninn. 

Turntablps  can  be  located  at  the  ends  of  walls  and/or  within 
walls.  In  all  cases,  the  sneed  of  the  turntable  has  to  be  syn¬ 
chronized  with  the  sneed  of  the  conveyor.  In  neneral  ,  turntables 
will  only  have  to  revolve  at  several  revolutions  oer  minute  in  order 
to  maintain  convevor  speeds  unwards  to  60  feet  ner  minute. 

Turntables  may  be  constructed  of  structural  steel,  aluminum  or 
other  structural  metals.  The  oartitions  of  thp  turntables  which 
serve  as  shields  must  be  canable  of  prevention  nronanat.ion  of  ex¬ 
plosion  between  adioininp  items.  In  most  cases,  tests  will  be  re¬ 
quired  to  establish  a  safe  thickness  of  the  partition  shields. 

The  turntable  as  a  whole  must  be  caoable  of  resistinn  the  blast  and 
fraqment  effects  of  a  mass  detonation  in  either  of  the  adioininn 
bavs,  at  response  levels  pqual  to  or  hiaher  than  that  of  the  wall. 

Schematics  of  the  turntable  concent  are  illustrated  in  Plate 
No.  3.5. 

Plate  No.  3.6  illustrates  the  nassane  of  exnlosive  items  throuoh 
turntables.  Here,  the  nassane  of  the  items  is  from  the  entrance 
corridor  of  the  buildinn  and  throuoh  a  turntable  into  oneratinn 
Bav  1  while  other  items  proceed  alonn  the  corridor  and  into  Bavs  2 
and  3.  After  comnletinn  the  operation  in  each  bay,  the  items  nass 
throuoh  a  second  set  of  turntables  leadinn  to  the  exit  corridor  and 
then  out  of  the  buildinn.  The  use  of  the  turntable  Permits  the 
oassaoe  of  items  throuoh  the  corridor  in  front  of  operation  bavs 
without  endanoerino  the  exnlosive  within  the  bavs  from  an  exnlnsion 
in  the  corridor  or  adioininn  bavs,  or  without  endanoerino  the  ex¬ 
plosive  in  thp  corridor  due  to  an  explosion  in  one  of  the  bavs. 

(3) .  Blast  Lock  Concent  (Plate  No.  3.7) 

The  blast  lock  concent  utilizes  a  double  blast  door  arranqoment 
to  n re vent  a  direct  line  of  sioht.  Here,  one  of  the  two  doors  is 
closed  at  all  tim«s  and,  thereby,  avertino  a  orooaoation. 

Both  blast  doors  nav  be  constructed  of  structural  steel.  Thev 
shall  be  desiqned  to  resist  the  blast  and  fraqmentation  effects 
of  a  mass  detonation  in  either  adioininq  ha''.  Because  hioh  sneed 
fraqments  are  usually  associated  with  an  exnlosion,  the  use  of 
built-un  doors  (usino  thin  steel  skin  attached  to  structural  members) 
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Is  not  advisable.  A  conceptual  layout  of  a  blast  lock  is  illus¬ 
trated  on  Plate  Mo.  3.7. 

b.  I  ten  Transfer  Oyer  and  Around  Oividinn  Walls  (Plate  No.  3.3) 

Because  of  the  methods  for  transferrinn  exnlosive  items  over 
and  around  the  dividinn  walls  are  similar,  the  followinn  discussion 
of  the  item  transfer  is  anpllcable  to  both  directions  of  the  wall 
traversal . 

As  previously  mentioned,  for  items  nasslnn  throunh  the  walls, 
an  interruption  of  the  line  of  sinht  between  the  oneratinn  bavs  must 
be  achieved  to  insure  that  a  nronanation  of  exnlosion  from  one  hav 
to  another  will  not  occur.  The  line  of  sinht  requirement  also  an- 
nlies  to  itpms  movinn  around  the  walls  and  can  onlv  he  achieved  with 
the  use  of  a  safe  snacinn  and/or  shieldinn  between  the  iters.  In 
the  event  of  an  exnlosion  occurrinn  in  an  oneratinn  hav,  the  Items 
movinq  around  the  wall  from  the  donor  bav  to  the  receiver  bav  shall 
be  so  snaced  or  shielded  from  the  items  in  the  receiver  bay  that  a 
nronanation  will  not  take  nlace.  This  qenoral  nrinciole  is  illus¬ 
trated  in  the  followinn  examnles. 

Plate  Mo.  3.3  is  a  schematic  diaqram  of  a  three-bav  oneratinn 
buildinq  subdivided  by  dividinq  walls.  The  exnlosive  operations 
are  nerfomed  at  the  centers  of  the  bavs  and  the  item  transfer  from 
one  bav  to  the  othnr  is  accomplished  bv  movement  around  the  dividinn 
walls.  In  the  event  of  a  mass  detonation  in  Rav  2,  an  item  in  Bav  1 
which  is  exoosed  to  a  detonation  is  separated  from  the  hiohlv  con¬ 
gested  operation  area  (Hazard  Cateqorv  I  oneration)  at  the  center  of 
Bay  1  by  a  safe  separation  distance  and/or  shieldinn  as  indicated  bv 
Note  1  (Plate  Mo.  3.3).  In  the  case  of  safe  snacinn,  the  required 
separation  would  have  to  be  established  bv  testinn.  On  the  other 
hand,  shieldinn  of  an  Item  traversinn  around  the  wall  could  be  ac¬ 
complished  with  the  use  of  a  turntable  (Plate  Mo.  3.5)  located  at 
the  end  of  tiie  wall.  Protection  from  an  exnlosion  nronanation  to 
Bav  2  from  a  mass  explosion  in  Bav  1  is  achieved  bv  maintaininq  a 
safe  snacinn  and/or  shieldinn  between  the  individual  items  or  lots 
of  items  as  required  for  Hazard  Cateoorv  II  operations  when  thev  move 
around  the  end  of  the  walls.  This  Protective  procedure  can  be  used 
because  of  the  safe  snacinn  requirements  for  the  items  in  Bav  2 
predicated  by  the  Hazard  Cateqory  II  operation  beinq  performed  in 
this  hav.  Prevention  of  a  nronanation  between  Ravs  2  and  3  Is  ac¬ 
complished  in  the  same  manner  as  that  described  for  Bav  2  from  an 
exnlosion  in  Bav  1. 

Another  example  of  Item  transfer  around  walls  is  shown  on  Plate 
No.  3.3.  In  this  Illustration  the  items  enter  each  oneratinn  bay 
from  a  common  entrance  corridor.  After  the  individual  operations 
are  completed  the  items  exit  from  each  hav  bv  means  of  a  common  exit 
corridor.  The  buildinq  arranqement  requires  explosive  items  in  the 
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corridors  to  nass  in  front  of  the  onen  ends  of  the  oneratino  bays. 

In  the  event  of  a  mass  explosion  in  Bay  1,  all  corridor  items  in 
the  indicated  distance  labeled  "Mote  1"  (Plate  No.  3.9)  shall  be 
considered  as  nart  of  the  explosive  quantity  of  Bay  1  for  establish- 
inq  quantity-distance  separation  between  this  and  ad.ioinino  build- 
inas.  To  nrovent  continued  oronanatinn  of  explosion  alonq  thp 
corridor,  safe  soacinq  and/or  shieldinq  between  items  in  front  of 
adjoinino  bavs  must  be  maintained  (Mote  2,  Plate  No.  3.9).  In  addi¬ 
tion  to  preventinq  a  continued  explosion  nrooanation  alonq  the  cor¬ 
ridor,  the  required  corridor  item  soacinq  (or  shieldinq)  will  also 
prevent  a  nronanation  of  explosion  between  ad.ioinino  bavs.  The 
soacinq  and/or  shieldinq  of  the  corridor  items  will  require  testino 
which,  in  turn,  must  consider  the  effects  Produced  bv  mass  detonation 
within  the  bav.  In  addition,  it  is  desired  not  to  produce  orooaqa- 
tion  into  an  operatinq  bay  due  to  an  explosion  in  the  corridor,  and 
therefore,  the  flow  of  the  items  into  a  bav  must  be  controlled  in 
order  to  assure  that  a  safe  soacinq  between  the  bav  and  corridor 
items  is  maintained.  Shieldinq  may  also  be  used  to  achieve  the 
latter  protection. 
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ITEM  -  4 


TRANSFER  OF  EXPLOSIVES  BETWEEN  BUILDINGS 


1 .  General 


Transfer  of  explosives  can  be  accomollshed  with  the  use  of 
conveyor  systems,  pneumatic  systems  and/or  hydraulic  systems. 

Both  the  pneumatic  and  the  hydraulic  systems  will  require  the  use 
of  detonation  traos  and/or  other  positive  means  to  prevent  propa- 
qatlon  of  explosion  from  one  bulldlnq  to  another  throuqh  the  lines. 
On  the  other  hand,  prevention  of  explosion  propagation  along  con¬ 
veyors  may  be  achieved  by  orovidlnq  safe  spaclnq  and/or  shielding 
between  items.  This  required  safety  data  must  be  obtained  from 
tests.  In  some  cases,  however,  It  may  be  more  advantageous  not 
to  negate  explosion  propagation  In  ramps  (between  bulldinqs)  but 
to  limit  explosion  propaaatlon  from  extending  Into  the  adjoining 
bulldinqs.  This  Procedure  Is  discussed  further  below. 

Because  a  more  detailed  discussion  of  the  prevention  of  prop¬ 
agation  throuqh  the  pneumatic  and  the  hydraulic  systems  is  given 
In  Item  5  of  this  report,  the  remainder  of  the  descrintlon  for 
transferring  explosives  between  buildings  will  be  devoted  to  Items 
on  conveyors . 

2.  Conveying  of  Explosives 

Three  arrangements  have  been  developed  by  which  explosives  may 
be  transferred  between  the  adjoining  buildings  without  producing  a 
propagation  of  explosion. 

a.  Arrangement  No.  1  (Plate  No.  4.1) 

In  Arrangement  No.  1,  Individual  Items  and/or  lots  of  Items 
are  allowed  to  accumulate  In  the  ramp  between  the  bulldlnns.  In 
the  event  of  a  detonation  In  the  ramp,  propagation  of  explosion 
will  extend  throughout  the  entire  length  of  the  ramp.  However,  to 
prevent  extension  of  the  explosion  Into  the  buildlnqs,  effective 
dlvldlnq  walls  are  located  at  the  points  where  the  ramos  enter  the 
building.  Each  of  these  walls  Is  designed  to  withstand  the  effects 
of  a  mass  detonation  In  the  ramp  or  within  the  building  It  Is  pro¬ 
tecting.  Other  than  the  two  bulldinqs  connected  by  the  ramp,  all 
adjolnlnq  bulldinqs  must  be  separated  from  the  ramp  based  upon  the 
larqer  of  the  quantities  of  explosive  In  the  ramn  or  in  each  ad¬ 
joining  buildlnq. 

The  conveying  arrangement  described  above  Is  primarily  appli¬ 
cable  for  a  conveyor  having  a  straight  run  between  buildings.  The 
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Introduction  of  turns  will,  in  turn,  reduce  the  effectiveness  of 
this  arrannement  and  in  some  cases  connletelv  eliminate  its  effec¬ 
tiveness  altogether. 

b.  Arrannement  Mo.  2  (Plate  No.  4.2) 

In  Arrangement  No.  2  all  of  the  individual  items  or  lots  of 
Items  are  separated  from  one  another  by  safe  spacing  and/or  shield¬ 
ing,  thereby  preventing  the  occurrence  of  a  mass  detonation  within 
the  ramo.  The  limiting  of  the  explosion  propagation  will  negate 
the  need  for  dividing  walls  at  each  end  of  the  ramo.  However,  in 
determining  the  safe  separation  requirements,  consideration  must 
be  given  to  the  safe  spacing  required  to  prevent  propagation  to 
the  ramo  produced  by  a  mass  detonation  within  either  of  the 
bui Idinqs . 

c.  Arrangement  No.  3  (Plate  No.  4.3) 

Arrangement  No.  3  is  a  combination  of  Arrangements  Nos.  1  and 
2.  Here,  the  individual  items  (or  lots  of  items)  in  the  ramn  are 
separated  by  required  safe  spacinq  and/or  shielding.  The  effective 
dividing  walls  positioned  at  the  ends  of  the  ramn  protect  the 
buildings  from  a  detonation  in  the  ramn  as  well  as  the  explosives 
in  the  ramn  from  an  explosion  in  the  buildinn.  The  use  of  this 
system  will  eliminate  the  need  for  establishing  a  safe  separation 
for  the  item  in  the  ramn  due  to  a  mass  explosion  in  one  of  the 
buildings . 
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ITEM  -  5 


SPECIAL  SAFETY  CONCEPTS  FOP  LAP  INSTALLATIONS 


1 .  Suggested  Explosive  Limits  for  LAP  Installations 

ExceDt  as  noted  In  other  items  of  the  renort  or  as  specified  bv 
USAMUCOM  and  AMC  Safety  Requlations,  the  following  exnlosive  limits 
for  individual  components  of  Load-Assemblv-Packout  (LAP)  installa¬ 
tions  are  recommended.  However,  depending  upon  a  qiven  facility 
layout  and  the  explosive  hazards  involved,  exnlosive  limits  exces¬ 
sively  higher  than  those  recommended  will  require  a  special  safety 
review. 


RECOMMENDED  EXPLOSIVE  LIMITS 


Bulk  Explosive  Receiving  ^aqazine 
Inspection  and/or  Screening  Buildinq  (per  Bav) 
Bulk  Explosive  Unpacking  Building 
Vacuum  Collector  Building  (per  Bay) 

Settlinq  Reservoirs  (nart  of  Pollution  Abatement 
Facility  and/or  Explosive  Collection  Systems) 
Melter  Buildinq  (per  Bav) 

Load  Building  (per  Bay) 

Riser  Melter  Buildinq  (per  Bay) 

Riser  Melter  Buildinq  (in  separate  bay  of 
Melter  Building) 

Cast  Finishing  Buildinq  (per  Bay) 

Coolinq  Iqloo 

Coolinq  Buildinq  (per  Bay) 

Assembly  Buildinq  (per  Bay) 

Packout  Building  (ner  Bay) 

Pollution  Abatement  Process  Facility 
X-Rav  Inspection  Buildinq  (per  Bav) 

X-Ray  Hold  Iqloo 

Service  Maqazines  -  normally  4-hour  need  but 

not  more  than  1  day's 
production  (3-shift  basis) 
Loaded  Cartridqe  Case  Storaqe  Maqazine 
(Class  2  and  2A) 

Shipping  Facilities  (per  Bay) 


-  225,000  lbs. 

-  6,000  lbs. 

-  6,000  lbs. 

200  lbs. 

-  1 ,000  lbs. 

-  2,000  lbs. 

-  2,000  lbs. 

-  3,000  lbs. 

-  2,000  lbs. 

-  2,000  lbs. 

-  18,000  lbs. 

-  5,000  lbs. 

-  2,000  lbs. 

-  5,000  lbs. 

-  1  ,000  lbs. 

-  2,000  lbs. 

-  30,000  lbs. 


-  40,000  lbs. 

-  50,000  lbs. 


2.  Bulk  Explosive  Receiving,  Inspection  (and/or  Screening)  and 

Unpacking  Buildings  (Plate  No.  5.TT 


Bulk  Explosive  Inspection  and  Unpacking  Buildinas  shall  be  sep¬ 
arated  from  Receiving  Buildinqs  by  unbarri caded  intraline  distances 
based  unon  the  quantity  of  explosive  in  the  Inspection  or  Unpacking 
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Buildings .  However,  both  the  Inspection  and  the  Unpacking  Buildings 
shall  be  barricaded  from  the  Receiving  Building  and.  If  possible, 
the  receiving  platforms  should  be  located  on  the  side  of  the  Receiv¬ 
ing  Building  away  from  that  of  the  Inspection  Building. 

Personnel  may  be  located  In  the  Receiving  and  Unpacking  Build¬ 
ings  and  where  tote  bins  are  used  for  packaging  of  bulk  explosives, 
personnel  may  be  permitted  to  enter  the  Inspection  Building  to  re¬ 
place  empty  bins  with  full  bins.  In  all  other  cases,  personnel 
shall  not  enter  the  Insnection  Building  and  all  other  operations  In 
the' Inspection  process  shall  be  performed  remotely.  Cardboard  boxes 
used  for  shipping  bulk  explosives  may  be  opened  In  the  Receiving 
Building;  however,  movement  of  the  boxes  to  the  Inspection  Building 
as  well  as  opening  of  the  Inner  plastic  liners  of  the  boxes  shall 
be  performed  by  remote  operation.  The  plastic  liners  of  the  card¬ 
board  boxes  may  be  opened  In  the  Unpacking  Building  and.  If  desired, 
the  bulk  explosive  may  be  placed  In  tote  bins  for  movement  to  the 
Inspection  Building.  Separation  of  the  Inspection  Building  from 
the  Unpacking  Building  shall  conform  to  Intraline  distances  based 
upon  the  larger  guantlty  of  explosive  in  either  building. 

Any  one  Inspection  Building  shall  have  a  maximum  of  two  Inspec¬ 
tion  bays.  Each  bay  shall  have  an  Independent  access  and  shall  be 
so  arranged  that  the  explosive  being  delivered  to  one  bay  will  not 
pass  the  open  sides  of  the  other  bay.  Unless  the  operation  Is  per¬ 
formed  remotely,  the  use  of  separate  bays  In  an  Inspection  Building 
for  opening  cardboard  boxes  and/or  plastic  liners  shall  not  be  per¬ 
mitted. 

Bulk  Explosive  Receiving  and  Unpacking  Buildings  should  usually 
be  constructed  above  ground  and  should  be  capable  of  resisting 
effects  associated  with  a  blast  overpressure  of  at  least  1.2  psl . 

The  Inspection  Buildlna,  on  the  other  hand,  may  be  positioned  above 
and/or  below  grade.  In  accordance  with  effective  barricading  re¬ 
quirements  previously  stated.  In  most  cases,  the  below  ground 
structure  concept  will  be  the  more  economical  arrangement  In  addi¬ 
tion  to  providing  the  maximum  protection. 

Transfer  of  explosives  between  the  Inspection  Building  and  the 
Melt  Building  may  be  accomplished  with  the  use  of  either  a  mech¬ 
anical  or  pneumatic  conveyance  system. 

Mechanical  conveyance  systems  shall  be  so  designed  to  orevent 
propagation  of  explosion  from  one  building  to  the  other.  This  may 
be  accomplished  either  by  the  development  of  specially  designed 
conveyors  for  continuous  feed  or  by  safe  spacing  (and/or  shielding) 
when  the  explosive  Is  conveyed  In  lots..  Both  continuous  feed  or 
batching  systems  safety  concept  designs  shall  bo  verified  by  testing. 
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Until  determined  otherwise,  pneumatic  lines  leadinn  from  an 
Inspection  Buildinq  to  a  Melter  Buildinq  shall  be  provided  with 
detonation  traps  and/or  other  positive  means  to  prevent  a  propaqation 
of  explosion  throuqh  the  pneumatic  lines.  A  set  of  two-detonation 
traps  shall  be  positioned  every  30  feet  alonq  the  pneumatic  lines 
for  the  full  run  of  the  lines  between  the  buildinos.  In  the  event 
that  the  portion  of  the  Inspection  Buildinq  where  the  pneumatic 
lines  exit  from  the  buildinq  is  barricaded,  then  a  portion  of  the 
lines  extendi nq  a  distance  of  approximately  30  feet  away  from  the 
buildinq  (two  sets  of  detonation  traps)  shall  also  be  barricaded. 
Positioninq  this  portion  of  the  pneumatic  lines  below  the  qrade  is 
considered  as  effective  barricadinq. 

A  pneumatic  line  leadinq  from  a  given  inspection  bay  shall  not 
be  connected  to  another  pneumatic  line  leadinq  from  another  inspec¬ 
tion  bay.  In  the  event  it  is  desirable  to  position  several  pneuma¬ 
tic  lines  in  close  proximity  to  one  another,  then  sufficient  safe 
spacinq  and/or  shieldlnq  should  be  provided  to  insure  aqainst  prop¬ 
agation  of  explosion  from  one  line  to  the  others.  The  required 
spacing  (and/or  shieldinq)  shall  be  established  by  testinq. 

3.  Melter  Buildinq  (Plate  No.  5.2) 

The  Melter  Buildinq  shall  contain  only  the  meltinq  operation 
of  a  LAP  facility.  Both  bulk  explosives  and  risers  may  be  melted 
In  the  Melter  Buildinq;  however,  each  meltinq  operation  shall  be  lo¬ 
cated  within  separate  bavs.  No  more  than  50  percent  of  the  meltinq 
capacity  of  a  LAP  facility  shall  be  located  in  any  one  Melter  Buildinq. 

All  operations  within  a  Melter  Buildinq  shall  be  performed 
remotely. 

Melter  Bliildlnqs  may  be  a  sinqle  storied  structure  above  qround 
or  fully  or  partially  below  qrade.  All  exterior  walls  of  the  above¬ 
ground  structures  shall  be  desiqned  to  resist  the  blast  effects  of 
an  explosion  within  the  buildinq  and  with  response  limits  equal  to 
or  less  than  incipient  failure. 

Because  of  the  hi qh  hazard  (Hazard  Cateqorv  IV)  associated  with 
the  meltinq  operation,  it  is  desirable  to  position  Melter  Buildinqs 
as  far  away  as  possible  from  other  facility  structures.  Separations 
which  correspond  to  inhabited  buildinq  distances  based  upon  the  ex¬ 
plosive  quantity  in  the  melter  are  more  desirable  between  Melter 
Buildinos  and  buildinos  contalnlno  personnel  such  as  metal  parts 
and  control  buildinos,  lunch  chanoe  houses,  etc.  However,  when 
real  estate  Is  not  available,  intraline  distances  mav  be  used.  How¬ 
ever,  where  possible,  use  of  barricaded  intraline  distances  should 
be  avoided.  Positioning  of  Melter  Buildinqs  relative  to  the  Bulk 
Receivlnq  Buildinq  should  also  be  based  on  inhabited  buildinq  dis¬ 
tances  as  specified  by  the  explosive  quantity  in  the  melter  but  shall 
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be  at  least  equal  to  Intraline  distances  based  unon  the  quantity 
of  explosive  In  the  Receiving  Bulldina.  Buildina  separation  be¬ 
tween  Melter  and  Inspection  Bulldlnqs  shall  be  at  least  equal  to 
Intraline  distances  as  required  for  the  explosive  quantity  in  the 
Inspection  Buildinq.  However,  each  of  these  bulldinqs  shall  be 
desiqned  to  provide  full  protection  for  its  contents  from  the 
effects  (both  blast  and  fraqments)  of  an  explosion  in  one  of  the 
adjoininq  structures. 

Exterior  pneumatic  and  hydraulic  lines  leadinq  from  the  Melter 
Buildinq  to  the  Inspection  and  Load  Buildinqs,  respectively,  shall 
be  provided  with  detonation  traps  and/or  other  effective  means  to 
prevent  propaqation  of  explosion  between  the  respective  buildinqs. 

In  addition,  where  both  riser  melters  and  bulk  explosive  melters 
are  located  within  the  same  Melter  Buildinq,  the  hydraulic  lines 
leadinq  from  the  riser  melter  area  to  the  bulk  explosive  melter 
area  shall  be  equipped  with  positive  means  to  neqate  explosion 
prooaqation  between  bays.  A  set  of  two-detonation  traps  shall  be 
positioned  every  30  feet  alone  the  entire  lenqth  of  each  pneumatic 
and  hydraulic  line.  In  the  event  that  the  Melter  Buildinq  is  bar¬ 
ricaded,  then  each  line  extendinq  approximately  30  feet  away  from 
the  buildinq  (two  sets  of  detonation  trans)  shall  also  be  barri¬ 
caded.  Posltioninq  of  each  line  below  the  qrade  is  considered  as 
an  effective  means  of  barrlcadino. 

The  pneumatic  and  hydraulic  lines  from  individual  bays  shall 
not  be  connected  together  and,  if  it  is  found  desirable  to  locate 
several  lines  in  close  proximity  to  one  another,  then  safe  spacinq 
and/or  shieldlnq  should  be  provided  to  nrevent  explosion  nropaqa- 
tion  between  lines.  The  required  protection  shall  be  established 
by  testing. 

In  the  event  mechanical  conveyance  is  used  to  transfer  explosives 
between  the  Inspection  and  the  Melt  Buildinqs,  then  the  means  for 
preventinq  propagation  of  explosion  as  discussed  previously  for  the 
Inspection  Building  shall  be  applicable  for  the  Melt  Buildinq. 

4.  Explosive  Load  Building 


The  Explosive  Load  Buildinq  shall  contain  only  the  explosive 
loading  operation  of  a  LAP  installation.  Both  molten  and  flake  (in 
the  case  of  TNT)  explosives  may  be  loaded  into  projectile  shells. 

No  more  than  50  percent  of  the  explosive  loadinq  capacity  of  a  LAP 
facility  shall  be  located  in  any  one  Load  Buildinq. 

All  operations  in  a  Load  Buildinq  shall  be  performed  remotely. 
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The  Load  Ruildinq  shall  be  an  above-qrade  structure.  Indivi¬ 
dual  operatinq  bays  shall  be  separated  by  dividino  walls  with  a 
structural  resoonse  which  shall  not  exceed  incipient  failure. 

Senaratinn  distances  between  Load  Buildinns  and  ad.ioininq  build- 
inqs  shall  be  the  sane  as  those  separation  distances  soecified  for 
the  Mel  ter  Buildinns.  However,  intraline  distances  mav  be  used  for 
separation  Melt  Buildinns  from  their  corresoondinq  Load  Buildinqs. 

Hydraulic  exolosive  lines  leadinq  from  the  Melter  Buildinq  shall 
be  equipned  with  detonation  trans  and/or  other  means  to  nrevent 
oronaqation.  The  hydraulic  line  enterinq  a  loadinq  bav  shall  be  an 
independent  line  and  not  connected  to  a  main  hydraulic  line  for  a 
distance  of  at  least  30  feet  (two  sets  of  detonation  trans)  away 
from  the  buildinq.  In  the  event  that  the  Load  Buildinq  is  barri¬ 
caded,  then  the  hydraulic  lines  extendino  annroximatel y  30  feet 
away  from  the  buildinq  shall  also  be  barricaded.  Positioninq  of 
hydraulic  lines  below  the  qround  surface  is  considered  as  an  effec¬ 
tive  means  of  barricadinq. 

Individual  hydraulic  lines  which  are  located  in  close  proximity 
to  onp  another  shall  be  separated  by  sa-fe  separation  distances  and/ 
or  shieldinq  which  shall  be  established  by  testlno. 

5.  Combined  On-Line  Storaqe,  Assembly  and  Packout  Buildinq 

(Plate  No.  5T3T 

Two  maior  special  safetv  concents  shall  be  considered  for  the 
desiqn  of  a  combined  On-Line  Storaqe-Assembl v  and  Packout  Ruildinos 
for  LAP  facilities,  namely,  (1)  the  three  principal  operations 
(storaqe,  assembly  and  packout)  must  be  separated  from  one  another 
by  effective  dividlnq  walls,  and  (2)  the  total  quantity  of  explo¬ 
sives  in  an  on-line  storaqe  buildinq  to  be  used  for  the  desiqn  of 
the  protective  wall  and  ouanti ty-distancp  ournoses  shall  be  based 
unon  the  explosive  quantity  in  the  laroest  stack  of  explosives  when 
other  smaller  stacks  of  explosives  in  the  same  area  are  separated 
from  the  main  stack  and  from  one  another  bv  safe  separation  distances 
specified  for  ammunition  on  conveyors  (Table  17.1,  AMCR  385-100) 
and/or  as  established  by  safe  separation  tests. 

Application  of  these  two  special  safety  concents  is  illustrated 
in  Plate  No.  5.3. 
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700  Federal  Building 
601  E.  12th  Street 
Kansas  City,  Missouri  64106 

ATTN:  MRK  1 

15-  Commander 

U.  S.  Army  Engineering  District, 

Omaha 

7*+10  USPO  &  Courthouse 
215  North  17th  Street 
Omaha,  Nebraska  68102 

ATTN:  MRO  1 

16.  Commander 

U.  S.  Army  Engineering  Division, 

New  England 
h2h  Trapelo  Road 
Waltham,  Massachusetts  0215*+ 

ATTN:  NED 


1 


TABLE  OF  DISTRIBUTION  (CONTINUED) 


Number  of  Copies 


17.  Commander 

U.  S.  Army  Engineering  Division, 

North  Atlantic 
90  Church  Street 
New  York,  New  York  10007 

ATTN :  NAD  1 

18.  Commander 

U.  S.  Army  Engineering  District, 

Baltimore 
P.  0.  Box  1715 
Baltimore,  Maryland  21203 

ATTN :  NAB  1 

19 .  Commander 

U.  S.  Army  Engineering  District, 

New  York 
26  Federal  Plaza 
New  York,  New  York  10007 

ATTN:  NAN  1 

20.  Commander 

U.  S.  Army  Engineering  District, 

-Norfolk 

803  Front  Street 
Norfolk,  Virginia  23510 

ATTN:  NAO  1 

21 .  Commander 

U.  S.  Army  Engineering  District, 

Philadelphia 
U.  S.  Custom  House 
2nd  &  Chestnut  Street 
Philadelphia,  Pennsylvania  19106 
ATTN :  NAP  1 
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22.  Commander 

U.  S.  Army  Engineering  District, 

Susquehanna 
P.  0.  Box  2679 

Harrisburg,  Pennsylvania  17105 

ATTN :  NAS  1 

23 .  Commander 

U.  S.  Army  Engineering  Division, 

North  Central 
536  S.  Clark  Street 
Chicago,  Illinois  60605 

ATTN :  NCD  1 

24 .  Commander 

U.  S.  Army  Engineering  District, 

Buffalo 

1776  Niagara  Street 
Buffalo,  Nev  York  14207 

ATTN:  NCB  1 

25-  Commander 

U.  S.  Army  Engineering  District, 

Chicago 

219  S.  Dearborn  Street 
Chicago,  Illinois  6o6o4 

ATTN:  NCC  1 

26.  Commander 

U.  S.  Army  Engineering  District, 

Detroit 

P.  0.  Box  1027 
Detroit,  Michigan  48231 
ATTN:  NCE 
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27.  Commander 

U.  S.  Army  Engineering  District, 

Rock  Island 
Clock  Tower  Building 
Rock  Island,  Illinois  61201 

ATTN :  NCR  1 

28.  Commander 

U.  S.  Army  Engineering  District, 

St.  Paul 

1210  USFO  &  Custom  House 
St.  Paul,  Minnesota  55101 

ATTN :  NCS  1 

29.  Commander 

U.  S.  Army  Engineering  Division, 

North  Pacific 
Room  210,  Custom  House 
Portland,  Oregon  97209 

ATTN:  NPD  1 

30.  Commander 

U.  S.  Army  Engineering  District, 

Alaska 

P.'  0.  Box  7002 
Anchorage,  Alaska  99510 

ATTN :  NPA  1 

31.  Commander 

U.  S.  Army  Engineering  District, 

Portland 
P.  0.  Box  2946 
Portland,  Oregon  97208 

ATTN :  NPP  1 
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32.  Commander 

U.  S.  Army  Engineering  District, 

Seattle 

1519  Alaskan  Way  South 
Seattle,  Washington  9&1-34 

ATTN:  NPS  1 

33 •  Commander 

U.  S.  Army  Engineering  District, 

Walla  Walla 

Building  602,  City-County  Airport 
Walla  Walla,  Washington  993^2 

ATTN:  NFW  1 

34.  Commander 

U.  S.  Army  Engineering  Division, 

Ohio  River 
P.  0.  Box  1159 
Cincinnati,  Ohio  45201 

ATTN:  ORD  1 

3  5 •  Commander 

U.  S.  Arm>'  Engineering  District, 

Huntington 
P:  0.  Box  2127 

Huntington,  W.  Virginia  25721 

ATTN :  ORH  1 

36.  Commander 

U.  S.  Army  Engineering  District, 

Louisville 
P.  0.  Box  59 

Louisville,  Kentucky  40201 

ATTN :  0RL  1 
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37.  Commander 

U.  S.  Army  Engineering  District, 

Nashville 
P.  0.  Box  1070 
Nashville,  Tennessee  37202 

ATTN :  ORN  1 

38.  Commander 

U.  S.  Army  Engineering  District, 

Pittsburgh 
Federal  Building 
1000  Liberty  Avenue 
Pittsburgh,  Pennsylvania  15222 

ATTN:  ORP  1 

39.  Commander 

U.  S.  Army  Engineering  Division, 

South  Atlantic 
510  Title  Building 
30  Pryor  Street,  S.W. 

Atlanta,  Georgia  30303 

ATTN:  SAD  1 

40.  Commander 

U.  S.  Army  Engineering  District, 

Charleston 
P.  0.  Box  919 

Charleston,  South  Carolina  29^02 

ATTN :  SAN  1 
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41 .  Commander 

U.  S.  Army  Engineering  District, 

Jacksonville 
P.  0.  Box  4970 

Jacksonville,  Florida  32201 

ATTN:  SAJ  1 

42.  Commander 

U.  S.  Army  Engineering  District, 

Mobile 

P.  0.  Box  2288 
Mobile,  Alabama  36628 

ATTN :  SAM  1 

43 .  Commander 

U.  S.  Army  Engineering  District, 

Savannah 
P.  0.  Box  889 
Savannah,  Georgia  31^02 

ATTN:  SAS  1 

44 .  Commander 

U.  S.  Army  Engineering  District, 

•Wilmington 
P.  0.  Box  1890 

Wilmington,  North  Carolina  28401 

ATTN:  SAW  1 

45.  Commander 

U.  S.  Army  Engineering  Division, 

South  Pacific 

630  Sansome  Street,  Room  1216 
San  Francisco,  California  94111 
ATTN:  SPD 
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46.  Commander 

U.  S.  Army  Engineering  District, 

Los  Angeles 
P.  0.  Box  2711 

Los  Angeles,  California  9^053 

ATTN:  SPL  1 

47 .  Commander 

U.  S.  Army  Engineering  District, 

Sacramento 
650  Capitol  Mall 
Sacramento,  California  958l4 

ATTN:  SPK  1 

48.  Commander 

U.  S.  Army  Engineering  District, 

San  Francisco 
100  McAllister  Street 
San  Francisco,  California  94102 

ATTN :  SPN  1 

49.  Commander 

U,  S.  Army  Engineering  Division, 

Southwestern 
1114  Commerce  Street 
Dallas,  Texas  75202 

ATTN:  SWD  1 
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50.  Commander 

U.  S.  Army  Engineering  District, 

Albuquerque 
P.  0.  Box  1580 

Albuquerque,  Nev  Mexico  87103 

ATTN:  SWA  1 

51.  Commander 

U.  S.  Army  Engineering  District, 

Fort  Worth 
P.  0.  Box  17300 
Fort  Worth,  Texas  7^102 

ATTN :  SWF  1 

52.  Commander 

U.  S.  Army  Engineering  District, 

Galveston 
P.  0.  Box  1229 
Galveston,  Texas  77550 

ATTN :  SWG  1 

53 •  Commander 

U.  S.  Army  Engineering  District, 

Little  Rock 
P.  0.  Box  867 

Little  Rock,  Arkansas  72203 

ATTN :  SWL  1 

5^.  Commander 

U.  S.  Army  Engineering  District, 

Tulsa 

P.  0.  Box  6l 

Tulsa,  Oklahoma  7^102 

ATTN :  SWT  1 


